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GRADUAL RELEASE STRUCTURES FOR CHEWINC GUM 
FIELD OF THE INVENT^ ^ 

The inventi&i is related to delivery systems 
for the gradual release of active agents and processes 
for making such a yet ems and is particularly directed to 
delivery systems for use in chewing gum that have an 
active agent that is gradually released by direct 
interaction with a solvent and melt spinning processes 
for making such systems. 

BACKGROUND Of THE IflVBMTIpfl 

The present invention! is an advance in the 
art of delivery systems for the; gradual release of 
active agents. This invention Enables an active agent 
to be gradually released through jthe direct interaction 
of the agent and a solvent eithM within channels in 
the structure enclqaintg the active agent or through 
exposure of the active agent toj the solvent when the 
structure enclosing the active agent is deformed. 

Prior to the* present invention, the gradual 
release of active agenda, such as drugs, could be 
accomplished by the diffusion of the active agent 
through an encapsulating material. A discussion of 
such encapsulated structures is found in R. Dunn & D. 
Lewis, Fibrous Polymers for the Delivery of Contra- 
ceptive Steroids to tJy Female p eprod^t^VB Tf act * 
Controlled Release of Pesticides and Pharmaceuticals 
125-46 (D. Levin e<|, 3^81) , whifch describes fiber-like 

t J * F 
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structures. Alternatively, fln encapsulating .hell 
around the active agent could be ruptured causing 
exposure of the active agent to various advents. 

SUMMARY OF THE INvENT j^M 

A particular feature of this invention is to 
provide* a gradual release structure having an active 
agent that is gradually released through direct inter- 
action with a solvent. A further feature of this in- 
vention is to provide a novel process for making such 
structures using melt spinning techniques. 

According to the invention a chewing gum is 
provided which comprises a gradual release structure. 
The gradual release structure la formed by melt 
spinning a mixture of active agejnt and wall material, 
having more than rare but less tfian about 55 percent by 
weight active agent, into a fiber. If necessary, the 
fiber is then Btretched. The fifrer is cut. A process 
for making chewing gum is further provided which 
comprises the steps of preparing; a gum base, preparing 
a water soluble bulk portion, anji preparing a gradual 
release structure. The gradual Release structure is 
made by preparing a mixture of active agent and wall 
material, having more than zero but less than about 55 
percent by weight activi agent. This mixture is melt 
spun into a fiber which is cut. The gradual release 
structure, the gum base, and the water soluble bulk 
portion are combined. 

To aid in understanding the invention one is 
directed towards the drawing© and the detailed descrip- 
tion of the present preferred embodiment of the 
invention. | I ; 

I 

BR IEF DESCRIPTION OF THE DRAWIN GS 

Fig. 1 is an illustration of a gradual 
releas structure in: fiber form. 
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r 1.... / lg ; ^ 13 ^ 1UU8trfttion «* the gradual 
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»nd side of a fiber. 

Fig. 3 lB « 5 EPM of a gradual rale.se 
atrueture showing th.[ aide of a fiber. 
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within the encapsulating structure. 

a fiber. ' ** ^ ™ " h9Wln9 ^ 8l<1 ' * nd of 

W». 7 i. a sepm shoJing the side of a fiber 
fiber. 8 * 9 ^ $hOWing « ndB of ■ 

•weetn... l° t * 9 " Ph ' hbWing ^ difference, in 

llll T • b *^ e8n «4p«ulation and the 

when uaed in chewing gums. 

"i 

CIS AIMP DESCRIPTION nj P o. eP ^ LY PREintllBttn pMB . pT 

An embodiment of a structure made in 
»c«,rdance with the pr*W invention i. . fiber having 
a -wpport matrix. The|support matrix i. made up of a 
wall material. An «ct|ve agent lis dispersed throughout 
the support matrix and^nay be lrf contact with itself 
forming a contiguous p^ase withii the support matrix. 
The active agent, however, does Ihot necessarily have to 
be in a contiguous phase. The erjds of the support 
matrix have openings, exposing the act lvjp. agent. 
Additionally, the acti^ agent nay be exposed along the 
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Bides of the fiber. Thi 8 structure may be made by 
stretching an already formed fiber. Xt is believed 
that the stretching action causes the wall material to 
orient itself Longitudinally. The amount of active 
agent in this structure is from about 10 percent by 
weight to about 55 percent by weight. It is believed, 
however, that loadingfas low as a fraction of a percent 
will exhibit gradual release charact.rlatie.. The 
loading of the structure is influenced by the 
characteristics of th* active agent and the solubility 
or extractability fro.il the support matrix. 

After the f^ers are, formed by melt spinning 
they may be stretched ^by applying a draw, or atretching 
force, to the fiber.. The draw can be applied at a 
winder or by venturi a/ter the fiber, exit the die. 
Other method, of .tretfhing fibers known to the art may 
also be employed. ' 

In this structure gradual release of the 
active agent occurs when the fiber i. brought in 
contact with a solvent;, or dispersing media, for the 
active agent. The wall material is less soluble in the 
solvent then the active agent and preferably the wall 
material .hould be substantially ineoluble in the 
solvent under the conditions in! which the fiber is 
being used. | I 

It is presently believed that the solvent 
first dissolves the ac^ve agent in the openings at the 
ends of the support matrix. If the active agent is in 
a contiguous phase within the support matrix, the 
active agent in those openings is dissolved and spaces 
or channels in the euppirt matrix are created. The 
solvent fills these ch#nels and begins to dissolve the 
newly exposed active aglnt, which was in contact with 
the now dissolved nctivf agent located in the openings 
at nds of the supp rt fiatrix. Thus, the length of th 
chann Is in the support! matrix gradually increases as 
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the active agent dixectly in contact with the aolvent 
la dissolved, 

i\ 

It ia pre|entl y believed that the support 
matrix doe, not prevent the dissolution of the active 
agent because th, active agent i. in . contiguous 
phase Rather, the aupport matrix aerve. to limit the 
rate of dissolution^ restricting the area of active 
.gent in direct contact with the solvent to the .„d, of 
the channel. within|bhe support matrix. Thus the 
advent can gradual* work ifa way into th. fiber by 
following the continue phase of active agent. 

Addltiena2|y, it i. presently believed that 
depending on the stiffness of the wall material making 
up the support matrli, the support matrix can be 
deformed to expose ngw surface areas of active agent 
and thus bring them jn direct contact with the aolvent 
For instance, when fjber. .re incorporated into chewing 
gum as the gum is chjved the pressure from chewing win 
flatten, stretch, and deform khe fibers exposing new 
surface areas of active agent}*) tj le . olv . nt . ^ 
gradual release by d^formatiofi should occur even if the 
active agent i. not f a contiguous phase. Higher 
molecular weight poLjfmera usejl as wall material will 
not a« readily exhibit this gradual release by 
deformation. For instance, it is believed that 
polyvinyl.cetate having a molecular weight greater than 
•bout 100,000 will no| exhibit gradual release by 
deformation durinp gJn chewing. 

Furtherior^ it is theorised that if the 
active agent ia not li a contiguous ph..- the 
deformation of the support matrix may create channels, 
similar to those described above, through which the 
solvent can be brought in contact with tha active 
•gent. 1 

t •: . 

Finally, defending ohithe wall material 

ch sen, the active agent choseU and thg solvent being 
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used an extremely small amount of the active agent may 
dissolve by diffusion through the wall material. 

Another embodiment of a gradual release 
structure made in accordance with the present invention 
is illustrated in Fig. l. in this embodiment the 
structure is m the form of a fiber 11 having a support 
matrix 12. The support matrix is made up of a wall 
material. An active agent 13 is dispersed throughout 
the support matrix and; is in contact with itself 
forming a contiguous $xase within the support matrix. 
The ends 14 and 15 offthe support matrix have openings, 
exposing the active agent. Additionally, the active 
agent may be exposed fjlong the sides of the fiber as 
can be seen in Figs. | and 3. The active agent makes 
up at least about 25 percent of the structure by 
weight. | I 

Gradual release of the aetive agent in this 
embodiment occurs vhejf the fiber is brought in contact 
with a solvent, or dispersing media, for the active 
agent. The wall material is lass soluble in the 
solvent then the *etive agent Jnd preferably the wall 
material should be substantial By insoluble in the 
solvent under the conations i J which the fiber is 
being u»«d. As iUusl&ated in Fig. 1A, the solvent 
first dissolves the active agent in the openings at the 
ends 14 and 15 of the |upport matrix. As this material 
is dissolved spaces or^channels 13a in the support 
matrix are opened. The solvent fills these channela 
and begins to dissolve, the newly exposed active agent, 
which was in contact w|th the now dissolved active 
agent located in the openings ait ends of the support 
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matrix. ■ Thus, the length of thb .channel* In the 
support matrix gradually increase as the active > 
directly in contact vi£h the solvent is dissolved. 

It is presently boll eyed that the support 
matrix does not prevent the dispblution of the active 



z 



! 



533- 



WO 90/12511 

PCT/U8W/00430 

- 7 - 



*gent b 9C «u«a the active »™^ - , 

•oly.nt to ,„ d .J th . V C ° nt * et vltB *»• 

»«rlx. thu. ^ , Bn * 1 ' WltWn «*• 

«„ ; ,t,o :::: ™ ' r,au,uy -* **• 

y follow lng the contiguoua phaae 

ac tive agent chosen and t-h. 
•olvent being m.d , ««.•,, 1 ^ e 

5 UBed * Bma H amount of the active «~ - 
may dia.olve by diffusion through th. w „ 

^ POVd.r.d xLv.r ell , or d 

int.„. lty .«..t. n . t ., . uch ., j., p . J "» h 

th.„„.t ln . iuer . cyci>mic • t., 

eWorld.; b.,„. „ ch „, m , 9n . lu „ hyd 4 xl<1 . .„„ ure> . 
fl.vor.. .uch .. 4, r . y d«.d a.tur.1 or .y n th.tlc 
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adaorbed onto ailica, and abaorbed into maltodextrin; 
flavor modifiers, auch as thaumatin; breath fresheners, 
such as rinc chloride, encapsulated menthol, 
encapsulated anise, sine glucinata, and encapaulated 
chlorophyll; and medicaments. 

Care must be taken to avoid the degradation 
Of the active agent |rom high temperatures, shear, or 
other conditions, wh$ch may occur during formation. 
The wall material can be any apinnablo synthetic or 
nature polymer such as polyethylene, polyvinylacetate, 
Polyesters, chitoaan, snd copolymers and polymer blenda 
of th... polymera. The active agent and wall material 
muet meet the solubility reguiremente di.cua.ed above. 
Additionally, they rauat be imnjiecible with each other 
•nd capable of being uniformly diaperaed when mixed 
together during the melt spinning procedure. 

The gradual* release structures of the preaent 
invention can be used in chewing gum. Chewing gum 
consist* of s gum base to which a water soluble bulk 
portion may normally be added. 

Chewing gum. baa as generally compriaa a 
combination of elaatomera and rosins together with 
plaaticisers and inorganic fillers. 

The gum bass may contain natural gums and/or 
synthetic elastomers and r.sinfr. Natural gums include 
both elaatomera and rfslns. Suitable natural guma 
include, but are not |imited te chicle, jellutong, 
•orva, niepero"tunu, niger gutta, maaaaranduba belata, 
and chlquibul. [ 

When no natural gums iare used, the gum base 
ia referred to aa "synthetic" jnd the natural gums are 
replaced with synthetic elastomers and reaina. 
synthetic elastomeje nay include polyiaoprene, poly- 
iaobutylene, iaobuiyiene-iaoprene copolymer, atyrene 
butadiene rubber, a copolymer form Exxon Corp. under 
the designation "butyl* rubber, ". and the like. 
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The ■mounts of elastomer ua d in the gum base 
can typically be vailed between about 10 and about 20 
percent depending oif; the specific elastomer aelected 
snd on the physical property desired in the final gum 
baa.. For example, the viscosity, aoftening point, and 
elasticity can be varied. 

Renins used in gum bases may include 
polyviny lactate, polyethylene, eater gums, (resin 
esters of glycerol) . ; polyvinyl acetate polyethylene 
copolymers, polyvinyjacetate polyvinyl laurate 
copolymers, and polyterpenes. Additionally, a 
polyvinyl acetate obtained from Monsanto under the 
designation "Celya" and a polyterpene obtained from 
Hercules under the designation "Piccolyte" m«y be used. 

As with! the elastomer, the amount of resin 
used in the gum base can be varied depending on the 
particular resin aelected and on the physical 
properties desired in the final gum base. 

Preferably, the gum. base also includes 
piasticisere aelected from th4 group consisting of 
fats, oils, waxes, and mixtures ; thereof . The fata and 
oils can include UXXw. hydriganated and partially 
hydrogenated vegetable oils, ind cocoa butter. 
Commonly employed^ waxes Include j paraffin, 
microcrystalline and natural waxes a UC h as beeswax and 
carnauba. Additionally, mixtutsa of the plaeticisers 
msy be used such as a mixture of paraffin wax, 
psrti.lly hydrogejatsd vegetable oil, and glycerol 
mono st ear ate. | f 

Preferably,.; the gum base also includes a 
fillar component. " The filler component is preferably 
selected from the gro^p consisting of cslcium 
carbonate, magnesium Jsrbonatej, talc, dicalcium phoa- 
Phate and the Uka. |he filler may constitute between 
•bout 5 to about 60 pireent by£ weight of the gum base 

I 
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Preferably, the filler comprises about 5 to about 50 
percent by weight of the gum base. 

Further, gum baaea may also contain optional 
ingredients euch as antioxidants, colore, and 
emulsifiers. 

Theee ingredients of the gum base can be 
combined in a conventional manner. In particular, the 
elastomer, resins, pjasticifcerB, and the filler are 
typically softened b| heating } and then mixed for a time 
sufficient to insure^ a homogenous mass. The mass can 
be formed into slabs| or pellets and allowed to cool 
before use in making chewing gum. Alternatively, the 
molten mass can be used directly in a chewing gum 
making process. 

Typically, the gum base constitutes between 
about 5 to about 95 percent bjj weight of the gum. More 
preferably the insoluble gum base comprises between 10 
and 50 percent by weight of the gu» and most preferably 
about 20 to about 35 "percent by weight of the gum. 

In general, a chewinjg gum composition typi- 
cally comprises a water aolublje bulk portion added to 
the water insoluble chewable gjum base portion. The 
flavoring agents are typically water inaoluble. The 
water soluble portioi|dlesipates with a portion of the 
flavoring agent oyer a period of time during chewing, 
while the gum bast portion is retained in the mouth 
throughout the chew. * 

The water soluble portion of the chewing gum 
may further comprise ioftaners, sweeteners, flavoring 
agants and combinations thereof. Softeners are added 
to the chewing guar in order to optimite the chewability 
and mouth feel of 'the; gum. Softeners, also known m 
the art as plaaticizers or plaAticizing agenta, gener- 
ally conatituta between about 9.5 to about 15,0 percent 



by weight of the chew^ig gum. 



by the present invention incluc ej glycerin, lecithin 



Softeners contemplated 
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Nonsugar 



•nd combinationsjthereof. Further, aqueous sweetener 
solutions such ap ".those containing aorbitol, 
hydrogensted sta*oh hydrolyestes , corn syrup and 
combination thereof may be uaed aa aoftenera and 
binding agents ijKtha chewing gum. 

Sugar . me*teners generally Include saccharide 
containing components commonly known in the chewing gum 
art which comprl jerbut are not limited to sucrose, 
dextrose, malto. >, dextrin, dried invert sugar, 
fructose, levulw e, galactose', corn syrup solids, and 
the like, alone 
sweeteners can 

Optio 

flers and pharm 
chewing gun. 

In ge 

sequentially ad 
to • coramerciall 
After the ingre 
gun masa is die 
the desired form 
cutting into eti 
into pellets. 

Oenera 



|r in any combination. 
^iJade sorbitol, mannitol, and xylltol 
•ingredient^ jsuch as colors, emulai- 
lutlcal agents may be edded to the 



ral, chewingj gum is manufactured by 
pg the various chawing gum ingredients 
^.available mixer known in the art. 
its have bein thoroughly mixed, the 
Eripd from tie mixer and shaped into 
aa by rolling into sheets and 
extruding into chunks or casting 

!y, the ingredienta are mixed by first 
melting the gum h ise end adding it to the running 
mixer. The bases i.y aleo be melted in the mixer 
ijself. Color o| ^mulsifiara :may also be added at this 
t*me, a softens*; such as glyderin may also be added at 
this time along 
agent. Further 
be added to the «lxe*. The 
typically added wflh the fina] 
agent . 



th. syrup and f portion of bulking 
tions of t»a bulking agent may then 
dvoring agent is 
i portion of the bulking 



The ent, are mixing prpqedure typically takea 
ab ut fifteen mlts tea, but longer mixing times may 
sometime, be reaulW Those pKiUed in th art will 
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'•oocmlt. that manyjvariation, of the above de.cribed 
procedure may be followed. bribed 

Cr.du.l r.l.a.e .tructurea that embody the 
fixture of active .g.nt and wall 
well known in the art and are de.crlbed in 

(wiuytt."" T* Bp °*" f p ""™r Trim,, si 8 - 22 

(Wiley ^International* Edition,} 2nd), whlch ± , 

of . poller for ^ w . u ^ 

prepared in powdfr or pell.t form ^ 
of « n i^.v j ^ * P«"*«t form. The particlee 
of polymer ^ . g . nt ara ^ 

in thi. mixture j* ,~ h ^ ^ 1c1m J 

•gent may be in contact wi«, mmm * ^ v «c«ve 
i. »!«. . with each other. The mixture 

i. melt .pun to p|oduce fiber,. Ih8 . e £lb . r . >r , ^ 

™ r ! '"H l6ngth ° f ""tout 
W£r brittl.ne..^. the cutting p „ce.. of the 
fiber and can be achieved by concentrating the .olid 

fiber.' PartJ f 1 ?"- T ° 8V0ld of L 

fiber, when chewi^ *he gum, turn*, of . m . auch that 
they can pa.e through a 60 m J .creen , re u .. d . 

initiali T * POlyn * r ° r pel *"« 

initially .how. en|unacce P t.bly high pre.eur. for ex- 

tru-ion, doe. not futomaticall* . llmin . te ^ * 

o ^ °* 4" ^ P 4"- Proceabu 

often can be improid by increasing the proc.e.ing 

1ZZ ' »"^<r a , changing no„le 

dl men .ion,, .dding|i. p , r . lng ^ tBr or modl * B 

by blending with ofer polymer.; 

By way of |ax»mpl., thi. proc... wa. carried 
out on two type, Equipment. 
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Modal l^s "nr1,U*rv Eh-fa..— »■ 

A Modal 1125 Xnetron Capillary Rheom.ter, 
with c.pii Ury h.le diameter of 152 micron, v.. u.. d to 
•xtrude fiber.. barrel diaineter ^ , /8 

The die had a Lemgth to diameter ratlo of 0 . 0 „ , nd hftd 
1 hole. i„ thi.lappiic.tion of the process 

L-..partyl-L.ph^yUla»in. methyl e.ter (Aepartame) v.. 

u.ed a. the acti** .gent, a polyvinylacet.te (PVAc) 

having a molecul*> weight from .bout 50,000 to BO 000 

va. cho.en .. th<|wall material 

™* 1 f 8ratory »cale Capillary Rheometer 
could not provide* enough mixing action during 
•xtrueion. Thu.,|;prior to axtru.ion, ..« p ie. were 
pre-blended by t£ method., m one method, pvac w.. 




lene Chloride (CB. 



ci 2 , 



at room 



dia.olved in Me 

temperature, and {hen A.p.rt.m. wa.'mixed into thi. 
•olution. The .ofvent wa. evaporated overnight under 
vacuum at 60-C to^fora a .olid materia!, thi. material 
wa. ground to a p|wd.r to facilitate addition into th. 
rheometer. I 

Thi. method 1. indicated in Table 1 a. 
-Solution 81ended|" In the ot±>.r method, .ample, were 
prepared for extnfrion by direUly blending the 

lymer melt \>t, the vail material in a 
-0"C. The bl^nd wa. dried under 
•bout 5 houH to remove water. This 



Aspartame with a 
heated beaker at 
vacuum at 60 *C fai; 
method 1. indica 

Using 
material and the 
amounts of Aapart 
u.ed for the.e ex 
Table X. The Jet 
being meltapun in 



in Table 1 



a* "Melt Blended. 



ae two methods of mixing the wall 
fftiye agent, (fibers with varying 
Wore produced. TM parametera 
>les are *et out in.^he following 
piood is the '.peed of the material 
le capillary. 
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TABLE 1 



Example 11 

Aspartame 
37 wt. % 
in PVAc 



Temp. 



140°C 



(Solution Blended) 



Example 2 ) 

Aspartame 

17 wt. % 
in PVAc 

(Solution Blended) 



ESftffple 3) 

Aspartame 
17 wt. X 
in PVAc 
(Melt Blended) 



150°C 



140°c 



Jet Speed 

(m/min) 



5 
10 
20 
50 
100 



5 
10 
20 
SO 
100 



5 
10 
20 
SO 



Extrusion 
Load (frtf,), 



13 
18 
32 
57 
76 



IB 
23 
34 
51 
68 



41-59 
23-66 
45-113 
68 



Example 4\ 

Aspartame 140 °C 

29 wt. X 
in PVAc 

(Solution Blended) 

Example 5) 

Aspartame 150°C 
29 wt. X 
In PVAc 

(Solution Blended) 



Example 6J. 

Aspartame 140°C 

29 wt. X , 

in PVAc 

(Melt Blended) 



Example 7) 

Aspartame 14Q°C 
35 wt. X 
in PVAc 

(Solution Blended) 



5 
10 
20 
100 



5 
10 
20 
50 
100 
200 
500 



5 
10 
20 



5 
10 
20 
50 



13 
16 
20 
52 



9 
13 
17 
25 
36 
50 
59 



32 
45 

90-180 



50 less than 180 



14 
17 
25 
36 
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Ex amp la 

Aspartame 140 °C 5 in 

35 wt. % 10 12 

in PVAc 20 18 

(Solution Blended) 50 27 

100 41 

200 55 

Example 9) 

Aspartame 140 "C 5 36-41 

35 % 10 54-64 

in PVAc 20 113-136 

(Melt Blended) so 272-363 

Table 1, shove that |he spinnability of PVAc 
blends was good and not highly dependent on the 
Aspartame loading level. The exitrudates of 
PVAc/Aapartama blends ahown injdable 1 were brittle at 
17% Aspartame loading. Brittlenass increased as the 
Aspartame loading level increased. The diameter of the 
extruded fibers due to die swell was slightly larger 
than the capillary, which was 152 microns. 

The extruded fibers were gently ground with a 
mortar and pestle. The diameter to l«ngth ratio of 
these ground fibera was narrowly distributed with no 
major breakage of fibers along the longitudinal direc- 
tion. 

Figs. 2 through 5 are SEPMs of fibers having 
29% by weight Aspartame in PVAc that were prepared by 
the solution blending techniqu^ described above and 
extruded a.t 150°C. Figs. 6 through 9 are SEPMs of 
fibers having 17% by weight Aspartame in PVAc that were 
prepared by the melt blending technique described above 
and extruded at 140 °C. Both samples were extracted 
with water as the solvent for four hours. The spaces 
ahown in the SEPMs are places flrom which Aspartame was 
dissolved. Figs, ft and 9 show jthat at 17% loading, the 
solid particles of ^Aspartame atfe isolated in polymer. 
Thus, Aspartame co^ld not compLetely dissolve out into 
the water without further physical breaking of the 
polymeric etructur|. At 29% loading, rigs. 4 and 5, 
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however, the a lid particles of Aspartame formed a 
contiguous phaa as illustrated in Fig. 1. Thus, 
channels in the encapsulating structure were opened and 
the Aspartame was gradually released, until virtually 
none remained. 

This result Is demonstrated by chew out data 
given In Table 2. Chewing gums having a formulation 

Of: 



Ingredient 
Sorbite} 



bv weight 
49.5 



Stick Cum Base 




25.5 



11 



Mannitol 



8,9 



Glycerine 6.3 
Lecithin 0.2 
Flavor (Peppermint) , 1.4 



were prepared with fibers haviigj 17% loading and 29% 
loading. The syrup in the gum {consisted of 67% by 
weight Lycaain solida, 5.36% b$ weight water, and 
27.14% by weight glycerin. A Control gu» was prepared 
using the above formulation wi1& the addition of free 
Aspartame instead of the fiberi .] The guns w re then 
chewed by five volunteers. Gun jruds were collected at 
differ nt chewing limes and Aspartame concentration was 
analysed by High pfrformance Liquid Chr matography. 



TABLE 2 



TABLE 2 



Typa of fiber 
uaed in gum 

Control 

Aapartame/PVAc 
17% by wt. 



•<X Aepartarae in Gum After: 

5 win. 10 mijp. 20 min. 



I 0.18 



0.11 



0.11 



0.10 



0.06 



0.11 



0.02 



0.10 



il 



Example 16. Using a|li mm die, fibers having 
24.52% by weight Na CI, and 15 [48% KC1 by weight as the 
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however, the solid particles of Aspartame formed a 
contiguous phase as illustratsd In Fig. 1. Thus, 
channels in the encapsulating structure were opened and 
the Aspartame was qjradually released, until virtually 
none remained. 

This res\$lt is demonstrated by chew out data 
given in Table 2. jjbhewing gums having a formulation 
of: %. 





% 2 by vei,efot 


Sorbite! 


; | 49.5 


Stick GO 


n Base 25.5 


Syrup I 


; 9.i 


NannitoJ 


• 8.0 


Glycerii 


• 6.3 


L«clthl| 


0.2 


Flavor I 


Peppermint) ! 1.4 



4 



were prepared withlfibers having | 17% loading and 29% 
loading. The eyrufi in the gum consisted of 67% by 
weight Lycasin solids, 5.36% by Weight water, and 
27,14% by weight gjycerin. A control gum was prepared 

cu I at ion with the addition of free 
the fibers. The gums were then 
uteers. Cum cuds were collected at 
tmes and Aspartame concentration was 
irformance Liquid Chromatography. 



using the above f< 
Aspartame instead 
chewed by five voi 
different chewing 
analysed by High 



Type of fiber 
used in gum 

Control 

Aspartame/FVAc 
17% by wt. 



TABLE 2 



I 



j!% Aspartame in Cum After: 

SO win. 5 



0.18 
0.11 



win. 10 "in. 
6.11 0.06 



0.11 



20 min. 
0.02 

0.10 
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0.18 



Type of fiber 
ueed in oum 

Asp art ame/P VAc 

29% by wt. 

The conlj 
PVAc/Aspartame gun 
fibers of the typ< 
PVAc/ Aspartame 
fibers of the tj 
shown in Table 2 
fiber loaded at 11 
rate from the til 
Aspartame from th* fiber load 
•lower than the cJatrol, but 
•ample. 

Liquid 
out on the fibers 
examples 1 throu 
degradation of A 
•pinning process 
degradation of A 
the percent the 

20%. 

The res 
in the Capillary 



^% Aspartame in Gum After: 
f 0 "in- 5 min. 10 min. 



0.15 



0,14 



20 min. 



0.12 



ol gums contain free Aspartame. The 

(17% by wt. Aspartame) contained 
shown in Figs. 6 through 9. The 
• (29% by vt. Aspartame) contained 

/r 

•Jiovn in Figs. 2 through 5. As 
e release of Aspartame from the 

was much slower than the release 
loaded at |29%. The release rate of 
; at 29% is significantly 
jjter than the 17% 



romatograp: 
pun at 140 



analysii was carried 



and at 150°C in 
9 to determine the amount of thermal 
rtame occurring during the melt 
scussed above. At 140*C thermal 
rtame is less than 10%. At 150°C 
degradation of Aspartame approached 

ence time of Aapartame/polymer blend 
eometer used to prepare the above 



samples was about twenty minuses. In production scale 
■pinning, real dense time coul 

" ^ - This 



seconds to two migutes 
degree of Aspart 
a twin screw ext 
degradation is observed, 



q reduced to around 20 
would greatly reduce the 
degradation. At 90* - 100'C using 
er at 2 mirjb|es residence time, no 



Twin Screw gxtrudi r 

In Exanjfcles 10-23 a 



type LSM 30:34 twin screw 



extruder from AmtKLcan Leietri't* Extruder Corporation 
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was uaed to produce the fibers. Generally, a 
homogeneous mixture! of wall material and active agent 
in powdered form wasre poured into a hopper on the 
extruder. The hoppe^ feed screws which forced the 
mixture through hewed sections of the extruder, 
melting the polymesf and then through a die. The die 
contiets of a plur^ity of kolea having a specific 
diameter and lengthf. Upon leaving the die the fibers 
were stretched by qtither drawing them with a winder or 
by',bloving air pasf them with a^nturi. 

The twinlecrew extruder conaieted of two sets 
•ewe, Theselecrewa can operate in 
Ion in eithja* a co-rotational or a 
tode- These screws can function as 

conveying elements. For the 
our kneading elements alternating 
elements wera used. Other 
lossible and will depend on the 
id the types of materials being 
gree of mixing required. 
The twinfscrew extrudje* used in the following 
examples was divid|d into eightj s^onea. The temperature 
of each xone was cihtrolled. Fc|r example, a mixture of 
50 percent by veigft PVAc with !a molecular weight of 
about 30,000, 25 pfrcent by wajjg^t PVAc with a 
molecular weight o| about 15,0C0j and 25 percent by 

pun to procure fiber a. Operating 
the extruder with I 1 mm die hiving 5 holes at 30 rpm, 
resulted in the production of 3 pounds of fiber per 
hour- The following temperatures in degrees centigrade 
were used for eaci»sonei 



of eight element s 
an intermeshing fa 
counter rotational 
kneading element a 
following examples 
with four conveyin 
configurations are 
process condition*! 
melt spun and the 
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Zonal 

•t' 

Feeding jjor hopper zone 

2 I 

3 i 

4 

5 
6 
7 

Die or HBt cone 



Operatii 
5 holes at 333 
poundi of fiber 
in degrees centi< 



!3 



Temp. 

85 
95 
95 
95 
95 
95 
95 
102 



the extruder with a 1mm die having 
resulted in the production of 50 
hour. The following temperatures 
kde were used for each sone: 



Temp. 



Feeding »r hopper 2 one 85 

2 f j : 97 

3 f i i 97 

4 I | 97 

6 I ; j 97 

7 f 1 ] 97. 
Die or Mat zone 102 



In the 
diameter of 1 nun 

had 5 holes and 
4. The 0.3 mm dii 
length ratio of 2j 
examples were ta* 
zones on the ext) 



illcving examples dies having a 
0.3 mm were used. The 1 mm die 
a diameter to length ratio of about 
[had 34 hole* «and hail a diameter to 
The temperatures^; set out in these 
from an average of all heating 



*er 



I WO 



10/12511 



+ 

i' 



20 



PCT/USW/00430 



Exampl lOi Using a 1 mm die, fibers having 
10% by weight Ace.uV|e»-K (« hi ah intensity sweetener 
purchased from Hoechj. of W. Germany) as the active 
agent and having PVAe with a molecular weight of about 
50,000 - 80,000 as t|e wall material were extruded at 

110-115'C. The fib«|« drawn b * a wind,r * nd h * d * 

thickness of 0.2-0.3§mm. The Ace.ulfam-K particles 
dispersed very well in the fibers and the, fibers 
exhibited a gradual felease of the active agent when 



chewed alone. 

Exampl* 1 
25%by weight Aceeu 
having PVAc with a 
50,000-80,000 as th 
110*C. The fibers 



Using a l' nun die, fibers having 
am-K as the active agent and 
lecular weight of about 
wall material were extended at 
re drawn by; flj winder * The fibers 



were between 0.3-0. J mm in thieves. The Acesulfetn-K 
particles di spersedfrery well in} fee fibers and the 

fradual release o£ the active agent 

4m die, fibers having 



fibers exhibited a 
when chewed alone. 

Example 
10% by weight Aepa 
PVAc with a mo 1 ecu 
the wall material 
were drawn by a wi 
mm. The Aspartame 



tame 



Using a \ 
as the aj< 



Ictive ag«nt and having 
|r weight of layout 50,000-80,000 as 
re extended fat 100°C The fibers 



ter and had a thickness of Q.2-0.3 
ipersed very well in the fibers 
and the fibers exhibited a gradual release of the 
active agent when Sawed alone. 

Example ». Using a 1 mm die, fibers having 
10% by weight Aspai fcama as the active agent and having 
PVAC with a molec* ir weight of about 50,000-80,000 as 
the wall materiel i »re extruded, «t 100«C. The fibers 
were drawn by the i Inder and hajna thickness of about 
0.2 mm. The Aspar lm diaper sefcjvery well in the 
fibers and the fib Ft exhibited in excellent gradual 
release of the act *| agent whekl chewed alone. 



1 
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Example |4, Using a 1 nun die, fibers having 
3 5% by weight Sodium Saccharin as the active agent and 
having PVAc with a|tnolecular weight of about 
50,000*80,000 as tip wall material were extruded at 
100°C. The fiberslwere drawn at the winder and were 
0.4*0.5 mm thick. jCThe Sodium Saccharin dispersed very 
well in the fiber«f although the fibers were softer 
than those of examples 10*13. The fibers exhibited a 
gradual release of; the active agent when chewed alone. 

Example 15. Using a . 1 mm die, fibers having 
35% by weight Saccharin Acid as rhe active agent and 
having PVAc with agnolecular wiight of about 
50,000-80,000 as tie wall matex ial were extruded at 
100°c. The fiberslwere drawn it! the winder and were 
0.4-0.5 mm thick. |The Sacchar: nj Acid dispersed very 
wall in the fiber, falthough thi fibers were softer than 
those of examples |0-13. The : libers exhibited a 
gradual ra lease of I the active ugfent when chawed alone. 

Example 16, Using a'llmm dla, fibers having 
1, 3.87% by weight KC1 as the active 
Ac with a molecular weight of about 
material were extruded at 113 °C 
,vn at the winder and were 0.12 mm in 

and KC1 particles were diaper aed 
fibers exhibited good gradual 



6.13% by weight N 
agents and having 
30,000 as the wal 
Tha" fibers were d 
ttllckness. The N 
in the fiber. Th 
release of the ac 

Example 
6.13% by weight N 
agents and having 
15,000 as the wal 
fibers were drawn 
thickness and war 
Example 16. The 
the active agent 

Exampla 
24,52% by weight 



jive agent whan chewed alone. 
L7. Using af It mm did, fibers having 
\l. 3.87% byjweight KC1 as the active 
/Ac with a ftolecular weight of about 
^material wejra extruded at 90 p c. The 
and were 0.12 mm in 
sr thaa the fibers of 

a gradual release of 
ie. 

!mm dia, fiber a having 
8% KC1 by w ight as the 



>y air blowi 
slightly w 

irs exhibi 
ien chawad 
18. Ualng a 
CI, and 15 
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active agents and having Allied Chemical PE 735 as the 
wall material were extruded at 85-90 °C. The fibers 
were 0.96 mm thick end were drawn by air blowing. The 
fibers exhibited gxsedual release of salts. 

Example 2$. Using a 1 mm die, fibers having 
25% by weight Diamdnium Phosphate as the active agent 
and having PVAc wit2i a molecular weight of about 
50;000-B0,000 as the wall material were extruded at 
10Ci*C. The fibers .were drawn by air blowing and had a 
thickness of 0.20 «|0.38 mm. |^ 

Example Using a 1 mm die, fibers having 

25% by weight NaF in the active: agent and having PVAc 
with a molecular wJight of 50, 000-80, 000 were extruded 
at 90-l00°C. The fibers were drawn by air blowing and 
had a thickness of £0.18 - 0.25 mm. 

Example Using a 1 mm die, fibers having 

25% by weight Mg (IB^ « th0 active agent and having 
PVAc with a molecular weight of about 50,000-80,000 as 
the wall material fere extruded at 90-100°C. The 
fibers were drawn iff air blowing and had a thickness of 



0.25 mm. j 



Example J2. Using a l<mm die, fibers having 
25% by weight Aceeflfam-K as tlje active agent and 
having PVAc with efmolecular w«i$ht of about 30,000 as 
the wall material lere extruded) at 90-100°C The 
fibers were drawn f$y air blowirigij and had a thickness of 
0.13mm. The f iberf exhibited tjeibest release 
characteriatice of|the example^} .J . 

Example 23. Using a |0>3 mm die, fibers 
having 25% by weig|t Aspartame ae the active agent and 
having PVAc with efmolecular weight of about 
50,000-80,000 as tfce wall material wereL extruded at 
90-100 P C. In makijtg the fibers of thi* example prior 
to extrusion the PVAc and Aspartame were premixed in 

I 
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methylene chloride, following the solution blended 
method described afeove. The fibers were drawn by a 
winder and had a thickness of 0;. 127 mm, 

Gradual release fibers having the lame 
formulation as those of example 18 (24.52% NaCl and 
ist'48% KC1 aa active agents and FE 735 as the wall 
material) ware incorporated into gum having the 
following formulation: 



Inaredieat 



| j * bv weight 



v 

Sugar 

Stick Bate 
Corn Syr$p 
Dextrose Monohydrate 
Glycerin 
Fruit Fi|v*r 
Flbi 



54.9 
19.3 
16. e 
7.3 
0.6S 
0.B 
0-25 

Thin gum was chewed by a panel of sensory experts who 
found that the gum was sweeter \Xp. the intermediate chew 

in addition to longer lasting iljwor than a control gum 

Ion which dfldinot contain gradual 

ji 

gradual release fibers made in 
present indention were incorporated 
xe following ingredients; 



of similar formula| 
release fibers. | 
Similar] 
accordance with t) 
into a gum having 



yngredj>aftt 

I 

Stick Bale 
sorbitol? 



Menitol 
Syrup 



f 



31 



% fry wy^sffi^f 

44.7 

9.0 

i.i 



i 
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Ingredient 



* bv weight 



Glycerin : 
Lecithin : 
Brown Color 
Mint Flavor 
Water f 
Fibers ? 



6,3 

0,2 

0.05 

1.4 

4.05 

0.7 



The> eyrup consisted? of 67% by weight Lycaein aolide, 
5.56% by weight watfr, and 27,14% by weight glycerin, 
the active agent inf the gradual release fibers was 
Aspartame loaded at|3?X b Y weight. 

This gum yaf: chewed b4 a panel of sensory 
experts and found tc Jiave superior sweetness lasting 
when compared to a control gum of j similar formulation 
that did not contaife gradual release fiber*. 

Chewing «uns were pre^ajred having the 
following general formula: 



ynqradieif t 

I 

Sugar 
Base 

Corn Syrxjjp 
Dextrose J 
Glycerin J 
Spearmint Flavor 
Brown Color 

2-' 
| 

To threetguw* having 



50.76 
20.68 
16. 86 
10.15 
0.94 
0.56 
0.05 

:h> above formula 0.3% 
In the first gum, the 



by weight Aapartam| waa added. 
Aspartame was cont|iae4 in gradual release fibers 



having 25% by weigft loading o£ 



Aspartame and a wall 
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material consisting of PVAc having a molecular weight 
of about 15,000. In the second gum, the Aspartame was 
contained in gradual release fibers having 25% by 
weight loading of Aspartame and a wall material 
conaisting of 50% (by weight of the total fiber) PVAc 
having a molecular weight of about 30,000 and 25% (by 
Wf&ght of the total fiber) PVAc having a molecular 
~ght of about 100,900. In the third gum the 
artame was encapsulated by the encapsulation methods 
disclosed in U.S. Patent Application S.N, 134,948/ 
filed December 18, 1987, A fourth gum of the above 
formula was prepared to which no Aspartame was added. 

Ten expert panelists Mire asked to chew 
samples of the above four gums £afid rate the sweetness 
of each gum over aj 20-minute period. Sweetness ratings 
were taken after the first half minute of chewing, the 
first full minute p£ chewing and each full minute 
thereafter. This data is depicted graphically in 
Fig. 10. Analysis of this data shows that chewing gums 
containing graduajf release structures exhibited 
significantly impxlpved sweetness in the final chew when 
compared to the otSher two gums. Particularly, the 
sweetness levels & the gum containing the gradual 
releaae structure^ began to increase after 9 minutes of 
chewing while the |pt^pr gums' Sweetness was declining* 

containing >gth encapsulated 
Lual release 
its of bothf 



Accordingly, a gun 
sweeteners and gri 
to obtain the bene 
same gum. The er 
sweetness during 
the chew and the 
sweetness during 
data in Fig. 10 ±3 
rate between fibc 



sweeteners could be made 
delivery systems in the 
psulated swfe^tener providing 
e initial a *4 intermediate part of 
4 strueturl providing 
Additionally, the 

e in release 
1 material. 



lual rele 

final che«r| 
Lustrates thl'diffen 
having different 
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Many variations of th invention suggest 
themselves to those^skilled in tha art in view of the 
jf above disclosure without departing from the spirit and 
! scope of this invention. 
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I CLAIM: 



I 



1. A chewing|gym which comprise*, 

• gradual release structure form.d by malt 
spinning a mixtur* of active agent and vail material, 
having more than fjero but lee. than about 55 percent by 
weight active ag.|t f into a fiber, and cutting the 
fiber. s 



2. The cheviifc gum of claim 1 in which the fiber 



is stretched 



3 . The chewilr «um of claim l in which the active 
*g«nt la aeparti 



3 



4. The chewlif gum of claijm 1 in which the vail 
material i. polyvi|y||cet.te ha^ng a molecular weight 
of about 15,000. * • 1 ' 



i 



5. The ehewi&pm of claiajl in which the. wall 
mat.ri.1 ia polyvij^geetate having a molecular weight 
of about 30,000. If v « J 

.iK ) 
•§F - f ' 

6. The chewinf gum of cl.i^ a in which the wall 
material ia polyvi|yl»eetate hayijng a molecular weight 
from about 50,000 $> a£out 80,000. 

7. The chewiB_;4m Q f claim 1 in which the wall 
material is • blenjp* polyvinylacatataa having 
molecular weights ^om; about 15,000 to about 80,000. 



8. The chewii 
i release structure 



9. The chewin l;||m of cla 
•gont is a high intj Bii|ty aweetajnir 



i^craes throi 



4# of claim 1 in which the gradual 
a 60 myiah screen. 

[l in which the active 
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10. The ehewi g gum of claim 1 In which the active 
agent is alitame. f 

i 

XI. The chewi|g gum of claim 1 in which the active 
agent i 8 Aceaulf amfx. . 

I I ,; 

12. A processor*, making chewing gum which 
conprlaea the ateplj off: 

a- preparing, a gum base; 

b. prepa|lraj£a water |ajluble bulk portion; 
e. propelling a gradual release atructure 
which comprises th* steps of: 

i * y €p f rin9 * mixture of active agent 
and wall material. $avfng more |hkn zero but less than 



about 55 percent bijwe'ight active 1 agent; 

ii. .;|ielt spinning the mixture into a 

fiber? and, 

iii. j cutting the fiber; and, 
d. combiii|ng|the gradual release structure, 

the gum base and th* water soluble bulk portion. 

& - & 

I U * , • 

13. The process of claim U. in which the active 



agent Lm Aspartame , 



14. The process P | claim 12; in which the wall 
material is polyvinjle^tate hevUg a molecular weight 
of about 15,000. 1 If f j 



15. The process* of- claim I2jin which .the wall 
material la polyvin&ac|tate hav|ng a molecular weight 



of about 30,000. 



16. The proce»»| of|:'claim 12 , in which the wall 
material ie polyvin«ac|tate having a molecular weight 
from about 50,000 tofabfut 80,000. 

; "i 
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j 17. Th. pro*., of oUim 12 in which the gradual 

I I P»- through a 60 ffl .»h 8Cr ..„. 



18. The pre 
material is m bU 
molecular weight! 



»M of claim 12 in which the well 
"|pf polyvinylacatataa hiving 

about 15 # 000 to about 80,000. 



The PrA, a of claim 12 in which the active 
agent i. a high intensity aweetener. 

om of c *»l* 12 in which the active 



20. The pro 
*gent ia alitama.j 



agent ia Aceaulfi 

22, A proce 
gradual release s 
prepari 
prepari 
prepari 
material, having 
about 25 percent li 
malt epi 
•tretchi 
cutting 
combini 
portion and gradu 

23, The proce^ 
material is polyvii 
of about. 15,000. 



21. The P ro^ C f claim 12 in which the active 



tr making a chewing gum having a 



>r« whicli compriees the atepe of; 
igum baeeA i 

( l; V * t<>r B °f*^ bulk portion; 
fmixture cjf >Aeparta«e and wall 
fabout 10 parcant by weight to 
weight Aap^tame; 

the mixHre to form a fiber; 
:^he fiber;? \ 
fiber; anjl„ 

y*** * um baee, water ecluble bulk 
lease structure. 

|§| claim 22 in which' th« wall 
*fcf etat « hayiho a molecular v.ight 

,v '-.'it* - : 
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5: 

I 

* 



24. The proc *js q£ claim 22 in which the wall 



material is polyvix$yld(£etate having a molecular weight 
o£ about 30,000. 



25, The process of claim 22 in which the wall 
material is polyviwlaf atate having a molecular weight 
from about 50,000 t§> about 80,000. 



26. The proct|pB of claim 22 in which the wall 
material is a blenrftpfc polyvinylapetatss having 
molecular weighta «om about 15,000 to about 80,000. 



27. The procei 
release structure 



Of claim 22 in which the gradual 

"""to- 

pass through a 60 me ah screen. 



38^ 
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